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Research progress on microwave energy industrial applications
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Abstract: Microwave has been widely applied to many fields as a novel and efficient energy source. It
is proved that the microwave techniques own many advantages in industry applications over conventional
ones, and bring more benefits into industrial applications. The mechanism on microwave energy industrial
applications and the high power microwave sources are discussed briefly. The current status of the
research progress on microwave technology in industry has been reviewed, and the advances of microwave
techniques and their potential industrial applications are presented.

Key words: microwave energy; microwave heating; thermal effects; industrial applications

i 2 18 R 1 300 MHz 2 300 GHz 2 [A] (i HL 4 (F1 R 28 [ A 1 mm 2 1 m ZJl). 20 {22 70 4R 4L
K, T TFRE T RN B B B 58 R4 A A O S SR E RO . FRT, Tl AR R T RO R
IS T RAFI L U804 o BRI RE N TR Sy —RloB i B B, X847l 18 5 R w0 Fise 4 SRS T ok, ok
il e AR T R A AR

1 {0k sE R A B9 #L3E

I B8 11 32 2 Tl R FH SR SO I A o B ik T AR AT B R 3 T R S I B o 2 A EAE R, O
e WS AT 2 e AR

v b o m s EE IO O, BB A B — 8 BRR R R o TG BT DL A B A
VBTSRRI T O . AR B P ) T R SR ST S T R

P_d:%a)g"|E|2 (1)

X e NEABHEEEIR; E gt

22 BT e 1 T I A8 AL AT LA AR08 1) RO A e o R T AT — 2 iy P 0 AR e ) A0 I8 A8 0 3 A 7 L 3L
T o 30 ARG 5 W AR AR T AR B R AT E 4 T IR R T R T R B RO, BRSO I BRSO o B A Al B
G5 FH 113 75 A R e 6 (0 S R 0 R, HEHL B A A 5 0 — 2 Tk AN 2 A

i BEHEE: 2011-12-27; {EEIHHH: 2012-05-12
HETH: EXRARB2EILE B H(NSFC 60971051)



452 s B 5E B FIRK 510 %

2 RINZEHRKIE

ISM(Industrial Scientific Medical)$ii Bt 3= 224t Tl . Bh2 B B, &M% 433 MHz,915 MHz,
2 450 MHz,5 800 MHz,22 125 MHz 4§, 5 {5 8 FH (9 45 BE 3 JF B H G E P9 T Tl s i % FH AR 2 915 MHz
12 450 MHz, {3 991 2 15 2l R (1 e 1 AR A% i b B TR R MR L A K RGN R T AE

M TS RARR B8R m . Rob/h, \mEREARES, 76 Tl s o 8w 32 48 VE I o 0, i 2 oA
AT P S R EM TR . R RREUE G, MRS R EA TR Tk Bk &
HELEP AR A, TR —RAAE KW 2] MW 89, B KIDRMIIR £ R S @ R s i s £ 3%
N B A A8 TR A R T K

3 UK BERYT kR A

1) Bl B AR AE R ATl R 1

AR, U IMIME ST A AL | B . R4 . & B ALY I RR AGA B AR D IR AR AS TN . Bt A
N F RSB B ReReE . mEN . ROV IR BEICERES, R AR R | R PR
ARERE, AT ET R A E R, LR EN LB, FIH 915 MHz 455 (1) i ik #8 4, 7€ 800 C~850 C
MR IRE T, [T & &0 30%FE 25 RKAE MR, fHIRAHEE 20 min~30 min, BEET 1R 1R
1) 999 Z& SC I 4 A SR I T R Oy 525 Wi i 4 W Ol 15 g B AR AR R B, I 90 s, HEE /K 55 5] 99.98%
EEPN, BB T RAC LT RE T KR ETMI0E & MR A, %8s B T A A RS T —4
WK, I HE 20 E AN RS R 25 T, 76 SR 1916 ATl R P AR T R i

2) T AR AE TG K AL B _E B

H 1992 R E A= TR B8 — 6 LR AL EE K BN &, 2Bt R KNS hERT
B0 V5 7K A B AR T 25 o A I Ak B 5 K vk 2 ) PR o p R =X I S R B K b g b BRZG 0 PR AR B L Akt
RN, BB RS KT LY, A A EFRNRA Y, RRWE . RS, st EAE
A PR TRl I T — 3 P R R 9 S A R A P G e e K B S A R AR, FER R ST TR N 450 W, R
B8 8 min B 41F T, 100 mg/L Y T 3L 28 15 I (6 R ml 3k 91.2%., 5 /K i db Bl ik 5155 Ml L, BoA % 2H
A TR, TR R A, STt R NG AT Ak A BE AR TR S

HRT, S5 KA BEE 276 B N A HUL TR KA ER . Tk 88 b Bk g 3R A 3% 35 K 4b B 25 07 T 15 21 T — 2 /Y
e, I BRI 2 B IRAT T2 AR A T 2 4 R AL R Ak B R A0 2 I ) B K 2805 e W e s e VR HEORR E 1
— YR, ROR BT,

3) I AR AE A LA R

1986 4F, Gedye %5 A1 UK KA GLN 0 47 % F R 5 B ) IR A0 R I, & A0 W R KR AT ML A B2 g
R i RN . ERT, R O B AR R A AL A B A R i AR P ) — AN RS T LR R LB
SEARFREP RS RIS AU A 0 2 b G 0 KON SR Y, R A R S i PG AT R ER RN, B TR AR
I o S A R RO I X A i SR s AR R B S T B B s R, 55
(RRF A, BE RS (o — 20 2 W 0 /0 S B IS ), 2 i AL SR O . B 45 AN FO FR TA A C IR — O TR, HEHUR
RS . FREE/R LR 2:0.5, R 420 W Zh R 40 S M0k 22 min, ORI F) 80%, HAEGE T L4 T 1.5 hY,
RGBT RO S R T s R TR, 7E 138 Cril RN 4 h, 7238 67%. ifi 8 JH i £ 325 C~361 CHY
WL P, S 10 min, FFASBIERMR P B AR T 20%10, BUA N 4> T A I B S AR e e I
TARKRSE . BREE . JLRRE . AW EFREY ML A I GE 43 FX JL5 18 o i A e SCk A 52 56t 78 43
KT R A LA P B LG 07k T ] L3, BEE skt A S A sh R e, WA T W
AT S

4) L AR FE B 254 RO A

ol A BRIV 35 AR 5 B 2 AR Y 36 A 0 Joie b S () 2 i 4 W A ke 0 B P AR TR) A R 8, 0 P b i B R A g I R
040 DX Jsk 5 A AR 2R 3 A R B RO v 43 B IR A B AEHOR b, AT 1 A g i e R 1
I Bl 2 A B HP 25 4 R 43 0 T vk S AR SRR K BT L R IR BUGE BOlE 7S i AL B B T kM L, B B i
WEREEAS . REAREAR . 15 Y/ PR IR 5 38 U L SR AR A IRAT R AR o i 06 A Sk [18-19] 2% BH L Wi B A fig
CHFEEZE 2 BRI AW, 28 A VLR AR R O A K/ N A 2 sl s T 1



554 NMEEZ . EEET LN ARHERE 453

B, AEFEAARIT T T —& Hhl .

5) S 4 AR 7E B A Tl A 4

o LA FHR B, It R, SR AIREES, EERAH S TRBEMRD TERATZNMEM, HEAR
AW LN o 38 F SO b FH A AR — BN 2 450 MMz, T £ & Tl B R 6% S s £ 45 R A 915 MHz
F1 2 450 MHz Wi, BT 200 kW S, REWFSE 590 BER M, ol B R 58 0% 4 R i b sl /0 £ 4 A in Tk
T g FE Ao (O, TRLERE T DAGE B 2 K AR AF I o DR R Bl i Pl e v 58 T 1 0 B0 R R i E AT 7
AW BRI BRI, Dk 5 A B AR 45 A e A N T A 0 Lk RO R R L B AR R A
HAh . RER B L KRR TTI, R A AR R TR A A ok 40

6) ol it B AR TE A AL Tk s R

PRI AE AW TE R L Bk L R e B R AR B R B TE &R S, 7E BRI A TSR T AT LA FH S0 T SR S A e
BEIF, PR Tk SRS B K, R BRE TR A X LR R LA K IR DT e AT R OR iR I A T RE R TR R, ORI,
SO A 1 1B 3 S5 23 5 | Ak Al A2 28 A RN O ) AR, B AN UAE T A BRI, s T R, R T
ik ) SRR, T ELAE TR A RE e, R T O 1 P A BRSO AR SRR, B 4 T A A W i AR B A A LR
AW, AR A T A, R IRORS R DL IR B4R i SR ORI R o SO AR AR ) T iR A At DAY R .
Vel . O AT . B L O R DL B BT Lk R SRR K A I A A L D S il 25 TPV e M 2 4%
TR WK Bk T - M\ 255 W 4 i 2] 850 W, B8 45 7 15 (5 7K 25%, & b 1%) A it i ik 1) el B 5G9 10 min s/ T 4/5.
TEAT A Tl v, R Bl e 38 e TP e SRR 2R Mo, ol ipte A S 208 DA B R R 45 B R S . R, X s BN
AR AL TR R B, R A 7= LA RIE, BT BRI A GE it —

7) B A AR AE H AT R 4 8

BT AE R AT Ml P 07 T R 2 T SR Ak B IR S R T 22 B R R M R 2 R i ) ¥
WEILSSRELT, fEES S, 6T LR 22 b 0 2 Aok 4y, B e TE R TR R R R AR 22 Ak
R TS B KA A AR A AR Y 0 I A R A% e T O vk R TR, AR SR A AR e, ok
FH B0 e B8 38 BUAR 4 i 35028 o DU I 22 35 i e BB A BR A RIS A 28 & 1 T fe K H TR 40 kKW, TR 0~40 kKW B
WAl i, TAESR A 2 450 MHz 9 &P S50 THARAM L, W T HR A RE f 0 22 19 35 58 S,
i HL46 5 T AR, b T R, Ak TR T, WA T AR AR, IR &k Bk, BA
E M AT A T Y P A ()

4 WREARHERE

1) RIURBE G

TESEBR A i R, SR R T R IR A BE W A2 Tl A 7 RS A 75 5K o 4 A U2 — ol i AR A 119 SR T 3 3t
P A SE, BT RO TS, GBS A SRR A, 42 A2 AR o BT 2 450 MHz i #5248 A D R A
HOARE AT 30 kW, 915 MHz R4 MY A8 DR CREIA B 100 kW, H AT, REFAE 5% 2 BUA O i 548
HORAR e e 1F, JF Bl /AL R RIE RS B T 1) K R

2) AR A AR

W6 D) AR5 B BB, B R4 A B 2R 7 O N, R X B B R PR D ) BEAIL R A T 2 A5 R Y
BR A, A % B A D) RN RE T R 3 o SR 22 i #5248 D) R 5 A, R S B v 2 R Bl R — b R B A
RO J5 4k o i e Rl D AR RN AT LS X A B R B, T B R L T R LR W S R R R AR B, 4
il ARG RS E o PRI, R T RETEAE BT ABUREOR (] 2 R AT D AR R A R WE ST R U5 1]

3) IRl MR BT

TR A T IO P v 8 G DO R T B DA 0 B A AT B R S o T Tl AR R R G R, AR
ST VI N 1 €13 8 N (Y S X N I e K B A e =R v R 2B e S S L A N B B S (i 2 S B S Y o2
M e Tl IO T AR 2 e o B Tl AR A AR, R R RS 52 AR ARl Js A 18 15 3 2 32 8 1 F 5 1) T 16

5 REMRE

BA A5 S S B W+ O B AR A Tl I T v A Ll o ) 0 35 R N8 R 9 T 5 o AR BE A Tl 19 b
— SEHL IR AN T A o AT B S L U HE T BB BE LT, K OB BOR B AL O R ), B — D TR AR SR T AN



454 s B 5E B FIRK 510 %

BRI IE

TR A T I A A SR, T ] 8 5 A ) A R R g e 2 ARG R A T 1 T

LT P B RO T S, AR B A 7 A 00 TR R REHE L (R E S BRI AT RS kR 0. B K T R A U
TR AN W7 K, B RERE 2 1 B 22 A Tl A 20 5 )92 i 00, D e T ) e B 22 5 e JRe M 2 g A0 O TR

S & Lk

[1]

[2]

[3]

[6]

[71]

[81]

[9]

[10]

[12]

[13]

[14]

[15]

[16]

S XA 2 15T 0,45 . Gl Al 2 i 7 A 52 BE SR (D). AL“2 58 S BE ., 2004,16(4):441-444. (XIA Zuxue,LIU
Changjun,YAN Liping,et al. Progress in microwave chemistry research and applications[J]. Chemical Research and
Application, 2004,16(4):441-444.)

kIR AP . BB I R ZERE M. Jb R0 Tl AR #, 1995:49-81. (ZHANG Zhaotang,ZHONG Ruoqing.
Microwave heating technology[M]. Beijing:Electronic Industry Press, 1995:49-81.)

SRR, B R3S g Ak 2 M. dE s R 2R A, 1999:1-3. (JIN Qinhan,DAI Shushan,HUANG Kama.
Microwave Chemistry[M]. Beijing:Science Press, 1999:1-3.)

B FE A O RO R R TR A R ). A 48 5 0 TG 4, 2003,31(1):51-52. (ZHAO Qinsheng.
Application of microwave in sintering wolframite soda mixture[J]. Rare Metals and Cemented Carbides, 2003,31(1):
51-52.)

R SCAN. B A AR AR 4 Tl P R A 2 R [T]. R E AL, 2007,31(6):20-23. (ZHANG Wenpu. Research
progress on application of microwave heating technology in metallurgical industry[J]. China Molybdenum Industry, 2007,
31(6):20-23.)

EBWRRFEFHGEBEHESALRE. MIEGESSEP S LRSI ET]. MRS, 2011,24(1):92.
(Key Laboratory of unconventional metallurgy. The fully deserve leader of microwave metallurgy area[J]. Yunnan Keji
Guanli, 2011,24(1):92)

B AT A N5 5. I I A B A W VS K T AT PR IR S B AR (D] K AL BREE R, 2008,34(4):19-22. (YU Rui,YAN
Youping,YANG Gangyi,et al. Laboratory study on sanitary sewage treatment by microwave method[J]. Technology of
Water Treatment, 2008,34(4):19-22.)

Fel PR e 0 ) 6 A T S SR Rl R K I Rl S A R R (D], % 1 R 2 4l A SRR R, 2006,20(3):213-215.
(GUO Weilin,GAO Li,JI Guanglei,et al. Degradation of methyl violet dye wastewater by microwave energy[J]. Journal of
Jinan University(Science and Technology), 2006,20(3):213-215.)

TSI 7 S HVEL R Bl R A I B AR B AR P (4 R R [T]. Tl K AR BE, 2003,23(4):18-22. (WANG Jianhong,
YAN Lianhe,ZHOU Shenfan,et al. Application of the microwave technology to the environmental protection[J]. Industrial
Water Treatment, 2003,23(4):18-22.)

TR SCAT R0 2 BB EE . B AR A K TS 3 B R B R D], TEIR IR BT AL, 2006,19(1):26-30. (XU Wengian,
ZHENG Guanghong, HUANG Zhongting. The application of microwave technique in dealing with water pollution[]].
Jiangsu Environmental Science and Technology, 2006,19(1):26-30.)

We 5 A% PH LB R B, — R T RO SR B A TEM CelllJ]. {5 B 5 F TH#, 2007.5(1):44-47. (ZENG
Xiaoyong,YANG Yang, HUANG Kama. A novel TEM cell used in the experiments of microwave chemistry[J]. Information
and Electronic Engineering, 2007,5(1):44-47.)

77 U AR A S Uk A7 e DR AR . R B VA TR A B R RO 2 R AR R B9 A3 AT [T R BV S L TR, 2007,5(1):52-56.
(FANG Yufeng,HU Ronghua,YANG Xiaoqing,et al. Influence of air bubbles on the measurement of complex permittivity
of electrolyte solution[J]. Information and Electronic Engineering, 2007,5(1):52-56.)

TR T I B 5. RIS TR E A E BN R R & B AR T, 58 58 F TR, 2007,5(3):220-224.
(WANG Zhihui,FANG Yufeng,YANG Xiaoqing,et al. Influence of metal impurities on the measurement of complex
permittivity of electrolyte solution[J]. Information and Electronic Engineering, 2007,5(3):220-224.)

WL L OO A © TR O BE A R B O A AT A S (0], R E T A Be o 4l 2003,19(2):106-108.
(DONG Ying,FAN Jia,LI Wenpeng,et al. Study of behavior of microwave catalysis in preparation of diethyl adipate[J].
Journal of Tianjin Institute of Technology, 2003,19(2):106—108.)

Giguere R J,Bray T L,Duncan S M,et al. Application of Commercial Microwave ovens to Organic Synthesis[]J]. Tetrahedron
Letters, 1986,27(41):4945-4948.

BRI R B 2R LSS O AR FEIARE VLA P 0 R FHE D] T ARAE T, 2004,31(4):44-48. (MO Liping,
ZHOU Xuan,LI Yongjun,et al. Recent Development of Microwave in Modern Organic Synthesis[J]. Guangdong Chemical



554 NMEEZ . EEET LN ARHERE 455

[17]

(18]

[19]
[20]

[24]

[25]

[26]

Industry, 2004,31(4):44-48.)

TS IO 2 BUR AR TE o 2 RO A 4R B 5 8 D], W2 2%, 2008,20(7):123-125. (SU Jiahua. Application of
the technology of microwave extraction in extracting effective ingredients of Chinese medicine[]]. Strait Pharmaceutical
Journal, 2008,20(7):123-125.)

MR, R FE B R AR R [I]. P25, 2002,24(2):134-135. (MEI Cheng. Application of micro-wave extract
technology[J]. Chinese Traditional Patent Medicine, 2002,24(2):134-135.)

SRR A DL Y IR . R B R B 2 A AR AR A SO A B SE ). E 2R AR, 2002,27(3):189-192.

P L0 AU BN R RORTE & & Dk i R ] PREE SN, 2006,6(1):44-45. (GUO Yuehong,LI hongjun
Application of microwave sterilization in food industry[J]. Storage & Process, 2006,6(1):44-45.)

X B AR SRR 0 5 ARG SR AR W ) A 2 A T MR AN R B i AR A SR )], B AR, 2007(12):140-141.
(LIU Zhongdong,CHEN Zhaotan,OU Junhui,et al. Synergistic biological effect of microwave and ultraviolet in sterilization[J].
Food Science and Technology, 2007(12):140-141.)

e S Am e, RO A H I L R ] AR S IR, 1997,27(3):57-60. (MA Baoqi,NI Binghua. Application of
microwave to the exploitation of oil and gas[J]. Petroleum Exploration and Development, 1997,27(3):57-60.)
BRSULE M R VU A 84 kW AR M A I 2R 7 e e AR R RG] BB TR A A A AR
2011,36:110-113. (LIANG Guian,PENG Jinhui,SU Siqing,et al. Research on the 84 kW microwave assisted expansion of
tobacco stems and industrial tests[]J]. Journal of Kunming University of Science and Technology:Natural Science Edition,
2011,36:110-113.)

XU B X B A RO S R T 22 BT (D). BB TR A e e A AR BR A L, 2011(36):258-261. (LIU
Guangzhou,ZHOU Kun,LIU Yi,et al. Study on microwave freeze-dying cut tobaccos[J]. Journal of Kunming University of
Science and Technology:Natural Science Edition, 2011(36):258-261.)

¥ Vi 25 0L 2R A5 L U T i A AR v R R B F G o A% ) IR ) 4 B Ak 2 AR AR D). R R, 2008(2):33-38.
(YANG Tao,LI Min,LI Shanshan.,et al. Physical and Chemical Changes of Tobacco Stem and Stem Granules During
Microwave Expansion[]J]. Tobacco Science & Technology, 2008(2):33-38.)

AT NI RE N B AR B & RER R H A ET 5 (J]. ol #4, 2004, 33(5):1-4. (JI Tianren, The Development
and Prospects of Microwave Power Industrial Application[]J]. Industrial Heating, 2004,33(5):1-4.)

EEE .

XK E(1973-), FH, WA ETH A, 2 Wr(1989-), L&, WivLAfLTH A,
Fit, 8z, B 7 B S R 4 AL A, EEWFIR 5 W o B S %
A .email:cjliu@scu.edu.cn. Bk,



